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Structure of Dynamical Systems: A
Symplectic View of Physics. By Jean-
Marie Souriau. Translated from the French by
C. H. Cushman-de Vries. Birkhauser, Boston,
MA, 1997. $89.50. xxxiv+403 pp., hardcover.
ISBN 0-8176-3695-1.

Undoubtedly, many mathematicians and
physicists worldwide will welcome this
translation into English of the famous
Souriau book originally published in French
almost three decades ago. This is espe-
cially true for those who remember that
the announcements of its translation into
English and Russian were made so many
years ago. Interested readers should give
thanks to Birkh&user; the translator, C. H.
Cushman-de Vries; and the translation edi-
tors, R. C. Cushman and G. M. Tuynman,
for the really superb work they have done
in finally providing the English-reading au-
dience with this volume.

The essence of the book is contained
in its subtitle, which has been added by
the translation editors. They have also
made some slight changes in notation (all
of them approved by the author) in or-
der to avoid possible confusion with well-
established notation in the present-day
literature. Otherwise, all efforts were made
to keep the English edition as close as pos-
sible to the original. This refers even to
marginal symbols that include trumpets
and astrological signs and that might look
somewhat strange to some readers; the
reviewer’s opinion is that they are just
one more sign of the imagination of the
author.

From a formal point of view, the book
consists of five chapters of approximately
equal length: 1. Differential Geometry;
II. Symplectic Geometry; III. Mechanics;
IV. Statistical Mechanics; V. A Method
of Quantization. In most places detailed
proofs are omitted, but the analytical argu-
ments are presented or a reference is given
for them. The inclusion of definitions of
such items as homotopy, cohomologies, fo-
liations, Riesz spaces, measures, etc., hints
that this is a book that goes far beyond the
standard treatment of mechanics. Having
given a rough idea of the contents of the
book, let us describe also the situation at
the time it first appeared. Starting with the

works of Hertz [1] and Hamel [2] on axiom-
atization of mechanics, classical dynamics
transmuted unnoticed into a mathematical
discipline. The first application of geom-
etry in dynamics was by Ricci and Levi-
Civita [3]. The subsequent developments
in this field were summarized in the books
by Kasner [4] and Synge [5]. It should be
mentioned that these considerations were
within the realm of Riemannian or Finsle-
rian geometry of the configurational man-
ifold. Roughly speaking, the geometrical
models of mechanics presented there can be
split into two principal classes: kinematical
and dynamical. In the former, the forces
acting on the system are included in nei-
ther the metric nor the connection, while in
the latter, they are included in both. Some
systems allow modeling of both kinds; oth-
ers allow only one. Each of these models
has its merits and shortcomings. A paral-
lel development was initiated by Poincaré
and Cartan. It is based on integral invari-
ants and exterior differential two-forms of
appropriate rank in the phase space. Gal-
lissot’s thesis [6] of 1952 presents a clear
exposition of this new approach. A more
rigorous mathematical treatment of Hamil-
tonian and Lagrangian formalism based on
symplectic geometry was given in the book
by Godbillon [7], which appeared just a
year before that of Souriau [8]. Let us re-
mark that the above history of mechanics
is quite incomplete and is simply intended
to orient the reader. The first 11 references
listed below and the bibliography supplied
by the translation editors provide the miss-
ing parts.

Now, what makes the book under review
so special in this context? The answer can
be traced in several directions.

First, it introduces some new notions
such as the space of motions (the orbit
manifold) of a dynamical system, the mo-
mentum map (a unifying concept for the
constants of motion), and an elementary
system that turned out to be quite im-
portant for the subsequent development of
mechanics itself. The situation here is rem-
iniscent of the Klein view on geometry, as
Souriau clearly states, in that the type of
mechanics is determined by the Lie group
of transformations which preserve the sym-
plectic structure.
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Second, it provides a mathematical
model not only of classical mechanics but of
statistical and quantum mechanics as well.
For example, “states” in statistical mechan-
ics are formulated as probability measures
on the space of motions. Again, groups
enter into the picture and one can obtain
classical statistical mechanics by consider-
ation of the group of temporal displace-
ments. Substituting this group with either
the Galilei or Poincaré group, many new
phenomena can be described.

Quantum mechanics is modeled as fol-
lows. If possible, a principal circle bundle
(a prequantum manifold) over the phase
space of the given dynamical system is
built. The necessary and sufficient condi-
tions for its existence are stated and ap-
plied to concrete physical systems. “State
vectors” are identified with the functions
on the prequantum manifold, while “quan-
tum observables” are lifted vector fields of
the vector fields generated by the classical
ones (i.e., the smooth real functions on the
phase space). An alternative scheme based
on line, instead of principal bundles, was
developed simultaneously by Kostant [12],
and these constructions are combined under
the name geometric quantization. When ap-
plied to a homogeneous symplectic manifold
on which a Lie group G acts transitively,
the problem of quantization turns out to
be equivalent to that of building the uni-
tary irreducible representations of G. For a
long time the analogies between quantum
mechanics and representation theory served
as inspiration for both disciplines, and the
Kostant—Souriau theory in conjunction with
the Kirillov [13] method of orbits provided
the precise connections.

Third, and most important, a large num-
ber of the principles presented are of a con-
jectural character and have since been justi-
fied. Let ussay also that the list of published
works on geometric quantization prepared
by Puta [14] in 1983 occupied 76 pages,
while the total number of references to the
French edition cannot even be estimated!

Last but not least, nothing has been
changed by the author for the new edi-
tion, and this can be interpreted as a hint
that possibilities for new applications are
still open. What else can one want from a
book? The challenge is real!
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